Polymorphonuclear leukocytes (PMNs) play a central role in the host defense against microbial infections. Exposure of PMNs to appropriate stimuli induces a respiratory burst, during which reactive species such as superoxide radical (O 2 Ϫ ) and hydrogen peroxide (H 2 O 2 ) 1,2) are generated. The O 2 Ϫ -generating system in PMNs is an NADPH oxidase composed of a membrane-bound cytochrome b 558 and three cytosolic proteins, p47phox (phox: phagocyte oxidase factor), p67phox and a low-molecular-weight GTP-binding protein, Rac. [3] [4] [5] The catalytic activity of the oxidase is located in the membrane, but in resting cells the oxidase components are distributed between the membrane and cytosol. [6] [7] [8] During activation of NADPH oxidase in PMNs by stimulation with certain agents such as N-formyl-methionyl-leucylphenylalanine (fMLP), a chemotactic peptide, or phorbol myristate acetate (PMA), a protein kinase C (PKC) activator, phosphorylation of protein(s) plays an essential role in the regulation of NADPH oxidase activity. The activation of protein kinase C with PMA promotes the phosphorylation of serine and threonine residues of the p47phox and its translocation to the plasma membrane. 6, 9, 10) In addition, the respiratory burst is accompanied by tyrosine phosphorylation in cytosolic and membrane proteins, 11) and it is also well known that tyrosine phosphorylation of proteins occurs during "priming" of PMNs.
During activation of NADPH oxidase in PMNs by stimulation with certain agents such as N-formyl-methionyl-leucylphenylalanine (fMLP), a chemotactic peptide, or phorbol myristate acetate (PMA), a protein kinase C (PKC) activator, phosphorylation of protein(s) plays an essential role in the regulation of NADPH oxidase activity. The activation of protein kinase C with PMA promotes the phosphorylation of serine and threonine residues of the p47phox and its translocation to the plasma membrane. 6, 9, 10) In addition, the respiratory burst is accompanied by tyrosine phosphorylation in cytosolic and membrane proteins, 11) and it is also well known that tyrosine phosphorylation of proteins occurs during "priming" of PMNs. 12) Conde et al. 13) reported on the participation of tyrosine phosphorylation in the respiratory burst pathway of mouse macrophages and suggested that the phosphorylation of some protein(s) at specific tyrosine residues inhibits the PMA-dependent NADPH oxidase activation, although the inhibitory effect on its activation has not yet been characterized. The peritoneal PMNs, which are obtained from casein-induced peritoneal exudates of guinea pigs, are usually used as the guinea pig cells. It is thought that the phosphotyrosine protein level in peritoneal PMNs, which are already primed in vivo, is higher than that in the unprimed peripheral cells. Therefore, there is a possibility that the level of PMA-induced O 2 Ϫ of the former cells is different from that of the latter cells. However, there is no information regarding the distinction of PMA-induced O 2 Ϫ -production between the two cell types.
In the present study, we observed that PMA-induced O 2 Ϫ -production of guinea pig peritoneal PMNs was significantly lower than that of the peripheral cells, and examined the effect of tyrosine kinase inhibitors on the O 2 Ϫ -production and translocation of p47phox to the plasma membrane from the cytosol in PMNs by PMA stimulation. The present findings suggest that the phosphorylation of some protein(s) at specific tyrosine residues inhibits the translocation of p47phox to the plasma membrane from the cytosol, resulting in lower PMA-induced O 2 Ϫ -production of peritoneal PMNs.
MATERIALS AND METHODS

Materials
Cytochalasin B (CB), cytochrome c (type III), catalase, superoxide dismutase (SOD), phenylmethylsulfonyl fluoride (PMSF) and PMA were purchased from Sigma (MO, USA), 1-(5-Isoquinoline-sulfonyl)-3-methyl-piperazine (H-7) was from Seikagaku Co. (Tokyo, Japan), a-cyano-3-ethoxy-4-hydroxy-5-phenylthiomethyl cinnamamide (ST638) was from Calbiochem-Novabiochem Co. (CA, U.S.A.), genistein was from Dojindo Laboratories (Kumamoto, Japan), staurosporine was from Wako Pure Chemicals (Osaka, Japan), and [
32 P]orthophosphate was from ARC (MO, U.S.A.). Anti-phosphotyrosine mouse monoclonal antibody was purchased from Transduction Laboratoties (KY, U.S.A.) and anti-p47phox antibody was as described previously. 14) All other chemicals used were of reagent grade and were obtained commercially.
Preparation of PMNs Peritoneal PMNs were obtained from casein-induced peritoneal exudates from female Hartley strain guinea pigs as described previously, 15) and peripheral PMNs were obtained by dextran sedimentation and FicollHypaque fractionation of freshly drawn blood from guinea pig using citrate as an anticoagulant according to the method for human peripheral PMNs, as described previously.
16)
Assays for O 2 ؊ and Preparation of Membrane Fractions from PMA-Stimulated PMNs PMNs (10 7 cells/ml) pretreated with ST638 or genistein for 3 min in HBSS at 37°C, were incubated and then PMA (0.32 mM) was added. After incubation for the indicated period, aliquots of cell suspensions were assayed for O 2 Ϫ production and for p47phox. O 2 Ϫ production was determined based on the reduction of ferricytochrome c by the anion produced. In brief, the cell suspensions were added to mixtures containing cytochrome c (50 mM) and staurosporine (100 ng/ml) in HBSS and incubated at 37°C. After 5 min of incubation, SOD (10 mg/ml) was added to the reaction mixture to stop the reaction, and the O 2 Ϫ produced was calculated using an absorption coefficient of 19.1 mM Ϫ1 cm Ϫ1 at 550 nm for the reduction of cytochrome c. 18) Staurosporine, a PKC inhibitor, was added to prevent further activation of PMNs by coexisting stimuli during the assay. 17) Samples for immunochemical detection of p47phox were prepared as follows. The above cell suspensions were centrifuged (100 g, 5 min) and the precipitated cells were resuspended in a relaxation buffer, 14) and then sonicated. The supernatant was separated by centrifugation (85000 g, 30 min), and the precipitate, the plasma membrane fraction, was suspended in a relaxation buffer containing 0.34 M sucrose, and analyzed immunochemically for p47phox as described below.
Immunochemical Detection of p47phox p47phox was determined using anti-p47phox antibody as described previously. 14) In brief, the above membrane fractions were mixed 1 : 1 with lysis buffer [2% sodium dodecyl sulfate (SDS), 30% glycerol, 10% 2-mercaptoethanol and 0.01% bromophenol blue in 0.25 M Tris-HCl, pH 6.8], 19) heated at 100°C for 3 min, subjected to electrophoresis on 10% SDS-polyacrylamide gels, electrotransferred to an Immobilon membrane (Millipore), blocked for 1 h with phosphate-buffered saline (PBS) containing 0.1% Tween 20 (TPBS) plus 5% dried milk, and then incubated with anti-p47phox (1 : 5000) rabbit polyclonal antibody or anti-phosphotyrosine (1 : 500) mouse monoclonal antibody in TPBS containing 5% dried milk for 18 h at 4°C. Blots were washed with TPBS and incubated with horseradish peroxidase-labeled anti-rabbit or antimouse IgG (Amersham, U.K.). Bound antibodies were detected using the enhanced chemiluminescence detection system (ECL kit; Amersham Life Science, U.K.) and Fuji RX medical X-ray film.
Prelabeling 17) Reaction mixtures containing the 32 P-labeled cells were centrifuged, and then the collected cells were resuspended in the above lysis buffer diluted 2-fold, heated at 100°C for 3 min, and subjected to electrophoresis on 10% SDS-PAGE. Autoradiograph was performed at Ϫ85°C for 1-2 weeks with Fuji RX medical X-ray film.
Statistical Analysis Statistical significance was determined using analysis of variance (ANOVA) and Fisher's protected least significance (PLSD).
RESULTS AND DISCUSSION
Effect of Tyrosine Kinase Inhibitors, ST638 and Genistein, on PMA-Induced O 2 ؊ -Production of Peritoneal PMNs The peritoneal PMNs, which are obtained from casein-induced peritoneal exudates of guinea pigs, are already primed in vivo, and therefore it is thought that the phosphotyrosine protein level in the peritoneal cells is higher than that in the peripheral cells, which are unprimed.
12) It has been suggested that the phosphorylation of protein(s) at specific tyrosine residue inhibits the PMA-dependent NADPH oxidase activation in macrophages. Therefore, we compared PMA-induced O 2 Ϫ -production of peritoneal PMNs with that of the peripheral cells. PMA-induced O 2 Ϫ -production of the former cells was found to be significantly lower than that of the latter cells: that is, the former and latter cells produced O 2 Ϫ of 10.4Ϯ0.5 and 19.4Ϯ1.9 nmol per 3 min per 10 6 cells (meanϮS.E., nϭ4, pϽ0.0001), respectively. Next, we examined the effect of tyrosine kinase inhibitors such as ST638 20) and genistein 21) to determine the implication of phosphotyrosine protein(s) in the lower PMA-induced O 2 Ϫ -production of the peritoneal cells. As shown in Fig. 1 , PMA-induced O 2 Ϫ -production of peritoneal PMNs was significantly enhanced by pretreatment with ST638. A similar effect was also observed with another tyrosine kinase inhibitor, genistein (data not shown). These enhancing effects were concentration-dependent and the maximum effect on O 2 Ϫ -production was observed at approximately 80 mM of ST638 or 0.3 mM of genistein (Fig. 2) . tion The O 2 Ϫ -generating system, NADPH oxidase, is located in the plasma membrane, but in resting cells the oxidase components are distributed between the plasma membrane and the cytosol, with a cytosolic component such as p47phox being transferred to the membrane when the enzyme is activated. [6] [7] [8] Therefore, we determined the p47phox level of the membrane fractions obtained from PMNs treated and non-treated with ST638 followed by PMA stimulation. As shown in Fig. 3 , the p47phox level in the membrane fraction from ST638-pretreated PMNs was found to be higher than that from the ST638 non-treated cells, although the p47phox level was not altered by treatment with ST638 alone. It is generally recognized that p47phox is translocated to the plasma membrane from the cytosol through the phosphorylation of p47phox by PKC.
Effect of ST638 on Translocation of p47phox to the Plasma Membrane of Peritoneal PMNs by PMA Stimula-
6,9,10) Therefore, we further examined whether the phosphorylated p47phox level in PMA-stimulated peritoneal PMNs was altered by ST638 or not. As shown in Fig. 4 , the phosphorylated p47phox level in the PMA-stimulated peritoneal cells was not affected by ST638-pretreatment. These findings suggest that the enhancing effect of ST638 on PMA-induced O 2 Ϫ -production is due to enhanced translocation of p47phox to the plasma membrane from the cytosol, and is not due to an increase in the phosphorylated p47phox level in the cells.
Effect of ST638 on O 2
؊ -Production of Intact and CBPrimed Peripheral PMNs by PMA Stimulation
The above results suggest that phosphotyrosine protein(s) prevents the association of p47phox to the membrane components of NADPH oxidase in the course of activation of the oxidase in PMNs by PMA stimulation. The peritoneal PMNs used in the above experiments are already primed in vivo. Thus, we examined the effect of ST638 on PMA-induced O 2 Ϫ -production of the peripheral cells, which were not primed. As shown in Fig. 5 , the O 2 Ϫ -production of the peripheral cells was not affected by the pretreatment with ST638, in contrast to that of the peritoneal cells. On the other hand, by treatment of the peripheral cells with CB, which is frequently used as a priming agent in fMPL-stimulated PMNs, [22] [23] [24] the PMA-induced O 2 Ϫ -production was largely depressed. However, that of the CB-primed cells was found to be significantly increased by the pretreatment with ST638. To clarify the relationship between the phosphotyrosine protein level and PMA-induced O 2 Ϫ -production, the phosphotyrosine protein levels of the several types of cells described above were Peritoneal PMNs (10 7 cells/ml) were preincubated in the absence or presence of ST638 (80 mM) for 3 min, and further incubated with or without PMA (0.32 mM) in HBSS at 37°C. After incubation for the indicated times with PMA, aliquots of the cell suspensions were withdrawn, and then plasma membrane fractions were prepared and analyzed for p47phox as described in Materials and Methods. Peritoneal PMNs, which were prelabeled with [ 32 P]orthophosphate (10 7 cells/ml) as described in Materials and Methods, were preincubated in the absence or presence of ST638 (80 mM) for 3 min, and further incubated with or without PMA (0.32 mM) in HBSS at 37°C. After 3 min of incubation with PMA, aliquots of the cell suspensions were withdrawn and phosphorylated proteins were analyzed as described in Materials and Methods. Peritoneal and peripheral PMNs (10 7 cells/ml) were preincubated in the absence or presence of CB (10 mM) for 5 min, and further incubated with or without ST638 (80 mM) for 3 min, and then supplemented with PMA (0.32 mM) in HBSS at 37°C. After 3 min of incubation with PMA, aliquots of the cell suspensions were withdrawn and analyzed for O 2 Ϫ -production as described in Materials and Methods. The results are represented as the meanϮS.E. (nϭ4). * pϽ0.0001 for significant differences between peritoneal and peripheral cells, and also vehicle group and each treatment group. also determined (Fig. 6 ). As expected, the level of phosphotyrosine proteins in the peritoneal cells was higher than that in the peripheral cells, especially cytosolic proteins including 50-60 and 70-85 kDa proteins, although there was no difference in that of the membrane proteins. Treatment of the former cells with ST638 resulted in a reduction of the level of phosphotyrosine proteins, but the treatment of the latter cells did not alter the phosphotyrosine protein level. In addition, pretreatment of the peripheral cells with CB resulted in an increase in the level of phosphotyrosine proteins including 50-60 and 70-85 kDa cytosolic proteins, and further treatment of the CB-primed cells with ST638 reduced their phosphoprotein levels. These findings indicate that an increase in the phosphotyrosine protein level causes the reduction of PMA-induced O 2 Ϫ production. We showed here that PMA-induced O 2 Ϫ -production in guinea pig peritoneal PMNs was significantly lower than that in peripheral cells, and that in the former cells increased by the pretreatment with tyrosine kinase inhibitors, such as ST638 and genistein, but that in the latter cells was not. The present findings suggest that phosphorylation of some protein(s) at specific tyrosine residues inhibits the translocation of p47phox to the cell membrane from the cytosol, resulting in lower O 2 Ϫ -generation in casein-induced peritoneal exudate PMNs by PMA stimulation. At present, it is unclear what phosphotyrosine protein(s) is responsible for the depression of PMA-induced O 2 Ϫ production of PMNs.
Fig. 6. Immunodetection of Phosphotyrosine Proteins
Peritoneal and peripheral PMNs (10 7 cells/ml) were preincubated in the absence or presence of CB (10 mM) for 5 min, and further incubated with or without ST638 (80 mM) for 3 min, and then supplemented with PMA (0.32 mM) in HBSS at 37°C. After 3 min of incubation with PMA, aliquots of the cell suspensions were withdrawn, and then plasma membrane (A) and cytosol (B) fractions were prepared and analyzed for phosphotyrosine proteins as described in Materials and Methods.
